INTRODUCTION
Newborn screening (NBS) is an undeniably successful program. In the 50 years since their inception, state-mandated NBS programs have saved thousands of children's lives and prevented disabilities in countless more cases by early identification and treatment of children with inherited diseases. 1 Although screening was performed for only a few conditions (e.g., phenylketonuria and congenital hypothyroidism) in the early years of the NBS program, 2 the Secretary's Advisory Committee on Heritable Disorders in Newborns and Children currently recommends that states screen for 31 disorders. 3 This increase in screening is largely due to expansion spurred by advances in testing technologies-the most recent and dramatic example of which is tandem mass spectrometry -that allowed the testing process to become faster and scalable without a significant increase in incremental testing costs. 4 The technological drive in NBS programs continues as we embrace the genomic era. States have begun to utilize geneticbased tests as an adjunct to traditional metabolic tests-usually for single-gene disorders such as cystic fibrosis. 5 However, the increasing affordability of genetic sequencing technology has sparked new discussions about the incorporation of next-generation genetic sequencing into NBS programs. 6, 7 In December 2010, the National Institute for Child Health and Development sponsored a symposium to develop a research agenda around the "application of new genomics concepts and technologies to newborn screening and child health. " 8 In addition, the National Institutes of Health recently published a request for proposals that will assess the potential value and challenges of integrating genomic sequencing into NBS programs. 9 The integration of whole-genome sequencing (WGS) and whole-exome sequencing into state NBS programs may be appealing given the possibility of these technologies to improve the quality of screening, reduce costs, and open the potential to utilize the programs to screen children for a much wider range of conditions. However, although interest in the potential utilization of genomic sequencing in the newborn period is growing, the use of this technology raises a number of ethical, social, and practical issues for parents and providers. First, there are concerns about the potential psychosocial harms associated with unexpected genomic results (e.g., results for nonscreened conditions, including those with adult onset), as well as how to interpret complex or ambiguous results. There are also questions about whether parents should have access to all of their newborn's genomic data. In addition, these complexities may have implications for the mandatory nature of NBS programs and amplify current debates about whether informed consent is needed for expanded screening. 10 Finally, the use of WGS in the newborn period raises numerous practical challenges regarding the ability to manage and interpret the large amount of data generated through these testing platforms and then appropriately communicate that information to families and their primary-care providers.
Purpose: The aim of this study was to assess parents' interest in whole-genome sequencing for newborns.
Methods:
We conducted a survey of a nationally representative sample of 1,539 parents about their interest in whole-genome sequencing of newborns. Participants were randomly presented with one of two scenarios that differed in the venue of testing: one offered whole-genome sequencing through a state newborn screening program, whereas the other offered whole-genome sequencing in a pediatrician's office.
Results:
Overall interest in having future newborns undergo wholegenome sequencing was generally high among parents. If wholegenome sequencing were offered through a state's newborn-screening program, 74% of parents were either definitely or somewhat interested in utilizing this technology. If offered in a pediatrician's office, 70% of parents were either definitely or somewhat interested. Parents in both groups most frequently identified test accuracy and the ability to prevent a child from developing a disease as "very important" in making a decision to have a newborn's whole genome sequenced.
Conclusion:
These data may help health departments and children's health-care providers anticipate parents' level of interest in genomic screening for newborns. As whole-genome sequencing is integrated into clinical and public health services, these findings may inform the development of educational strategies and outreach messages for parents.
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The venues in which parents may be offered WGS may also raise unique challenges and have an impact on parental attitudes toward the uses of this technology. For example, when initiated within the context of a NBS program, parents may have significant concerns about the storage and potential uses of genomic data by a state government agency. Although a number of scholarly discussions have addressed the potential benefits and harms of using genomics within NBS, [11] [12] [13] few empirical studies have examined parental interest and attitudes toward WGS in the newborn period-either within or outside of NBS programs. Therefore, we sought to assess parents' interest in WGS of newborns as part of a state NBS program and to examine whether this interest may differ if sequencing were offered within the context of a pediatrician's office.
MATeRIALs AND MeTHODs study design
A nationally representative sample of the US population was surveyed in May 2012 regarding their interest in WGS for themselves, the individual's youngest child (when applicable), and a hypothetical future newborn. This survey was conducted as part of the C.S. Mott Children's Hospital National Poll on Children's Health, a recurring online survey of parents and nonparents that has served as a national sampling platform for several peer-reviewed studies of policy-relevant questions regarding children's health. [14] [15] [16] The data presented in this paper focus on results related to parental attitudes concerning the use of WGS in the newborn period. Data regarding attitudes toward WGS for participants themselves and their youngest children will be reported in a separate paper. The University of Michigan Medical School Institutional Review Board approved the study.
study population
The National Poll on Children's Health is conducted using GfK/Knowledge Networks Web-enabled KnowledgePanel, a nationally representative probability-based panel. Knowledge Networks uses a random selection of telephone numbers and residential addresses to identify and invite potential participants (using telephone or mail) to participate in the Webenabled KnowledgePanel. 17 Once enrolled in the panel, participants receive unique login information to access surveys online and receive e-mails throughout each month inviting them to participate in a variety of research studies. If contacted individuals have an interest in participating in the KnowledgePanel but do not have Internet access, Knowledge Networks provides them a laptop and internet connection free of cost.
survey administration
The National Poll on Children's Health that included the section on WGS was pilot tested in April 2012 with a separate convenience sample of 100 KnowledgePanel members. The introductory e-mail invited members to participate in a survey about child health. No additional incentive participation was offered beyond the usual panel participation points. To ensure adequate representation, parents (defined as individuals having children aged 0-17 years living in the household) and racial/ ethnic minorities were oversampled.
survey questions/outcomes
All survey respondents received this brief explanation of genes and health and WGS:
• Staying healthy and getting sick are affected by many things. Our genes-which we inherit from our parentscan affect our health and illness in many ways.
• Genes are made of DNA and contain the instructions needed for our bodies to grow and function. All of the genes in a person make up that person's genome.
• It is possible to study a person's entire genome. This process is called whole genome sequencing. It may give information about a person's risk of having different diseases in the future.
Participants were then asked about their interest in WGS for themselves, and when applicable, genomic sequencing for their youngest child. These results will be reported in a separate paper. Participants were then randomized into two groups, each receiving a different scenario regarding the offering of WGS for a hypothetical future newborn. One group received a scenario in which WGS was offered as part of their state's NBS program (NBS), whereas the other group's scenario included WGS for their future newborn in the context of a pediatrician's office visit (pediatrician). Figure 1 contains the language used for the two scenarios. All participants were then asked how interested they would be in having their future newborn's genome sequenced, using a Likert scale of responses (definitely interested/somewhat interested/not interested/definitely not interested). Participants were then shown a series of factors that might influence their interest in getting WGS for a newborn, such as accuracy of the testing and privacy of the test results. This list of factors was developed by the authors and was based on previous literature and their experience with studies Figure 1 Language from the newborn WGs scenarios presented to participants. WGS, whole-genome sequencing. Parents were then asked again to rate (using a four-point Likert scale) how interested they would be in having their newborn's whole genome sequenced under these conditions.
In addition to these questions, we also collected the following information from respondents about themselves: age, sex, race, education, household income, political ideology, rating of personal health, and if they plan to have a child within 5 years (only asked if respondent was younger than 45 years). From parents, we also gathered the following information about their children: age, sex, and whether their children have any chronic health conditions.
statistical analysis
Knowledge Networks provided the study team with deidentified data, along with census-based poststratification weights used to match the US population distribution on sex, age, race/ethnicity, education, census region, income, and political ideology. All analyses were conducted using these weighted data to account for any potential nonresponder bias. All results reflect weighted data unless otherwise indicated. 
ResULTs survey participant characteristics
Overall parental response rate for this study was 55%. Of the 1,539 total respondents, the majority were white non-Hispanic (63%), female (56%), and had at least some college education (62%). The mean age of the survey participants was 39 years. Income and political ideology were evenly distributed across respondents. All respondents to the newborn WGS section of the National Poll on Children's Health were parents of at least one child younger than 18 years. Among these parents, 21% reported that they were planning to have another child in the next 5 years. Table 2 contains demographic characteristics for all survey respondents.
Interest in WGs of newborns
Overall interest in having future newborns undergo WGS was generally high for participants presented with either of the randomized scenarios (NBS versus pediatrician). Among study participants presented with the option of adding WGS as part of a state's NBS program, 36% were definitely interested; 38.3% were somewhat interested; 18% were not interested; and 8% were definitely not interested. Participants more likely to be interested in WGS through NBS were female (odds ratio (OR) = 1.77; P < 0.01), those with at least some college education versus less than high school (OR = 2.04; P = 0.02), those planning to have a child in the next 5 years versus not (OR = 2.22; P = 0.02), and participants whose youngest child has two or more health conditions (OR = 2.63; P < 0.01). Participants who selfidentified as politically conservative had lower interest in WGS through NBS programs as compared with those who identified as politically moderate (OR = 0.58; P < 0.05). Participants presented with the scenario in which WGS is offered in the context of a pediatric office visit were similarly interested, with 31% definitely interested; 39% somewhat interested; 22% not interested; and 8% definitely not interested. Female participants were more likely to be interested in WGS through a pediatrician (OR = 2.28; P < 0.001). In Figure 2 , we compare parental interest in WGS in the state NBS program and the pediatrician's office scenarios. There were no statistically significant differences in parent's interest in WGS between these two scenarios. Original research article
Factors impacting parental interest in newborn WGs
Parents in both the NBS and pediatrician's office scenarios identified similar sets of factors as "very important" in making a decision to have a newborn baby's whole genome sequenced ( Table 1) . Overall, parents in both scenario groups most frequently identified "accuracy of the test" (NBS = 74%; pediatrician = 68%) and the potential for "preventing or decreasing a child's chances of developing disease" (NBS = 67%; pediatrician = 66%) as "very important. " Alternatively, concern that WGS could reveal that their "child is at a higher risk of developing certain diseases than other people" was chosen as a "very important" factor by the lowest proportions of parents in both scenarios (NBS = 40%; pediatrician = 46%). When stratified by level of interest in WGS, parents in both scenario groups who expressed a "definite interest" in WGS for a future newborn more frequently identified "accuracy of the test, " the ability to use the results in "choosing more effective medical treatments, " and potential for "preventing or decreasing a child's chances of developing disease" as "very important" factors impacting their interest in WGS. Alternatively, parents who expressed no interest in newborn WGS most frequently identified concerns about the "privacy of the results, " "potential for results to be used to discriminate against their child, " and the potential that results could be used without their permission as "very important. " However, we are not able to make statistical inferences about these differences due to the small number of parents who expressed that they were "definitely not interested" in WGS.
Interest in WGs of newborns when data may be used for research
When parents in the NBS scenario group were presented with the possibility that the data obtained through WGS could be stored and used in subsequent deidentified research, participant's interest remained generally high, with 25.1% definitely interested; 39.1% somewhat interested; 24% not interested; and 11.8% definitely not interested. However, the number of parents expressing a "definite interest" in WGS was significantly lower statistically as compared with parents' interest when the potential storage and use of data were not mentioned (P < 0.001). Higher interest in WGS with the added possibility of research was evident among parents with a bachelor's degree or higher as compared with those with a high school diploma or lower (OR = 1.81; P = 0.02), those expecting to have a child in the next 5 years versus not (OR = 1.95, P = 0.01), and participants whose youngest child has two or more health conditions (OR = 1.91; P = 0.03). Participants expressing a conservative political ideology again demonstrated lower interest in WGS than those who identify as politically moderate (OR = 0.64; P = 0.05).
DIsCUssION

Parental interest in WGs
The results from our study suggest that, at baseline, parents have a substantial level of interest in WGS for their newborn. Moreover, parents' interest did not differ based on whether the sequencing was offered as part of the NBS program or in their pediatrician's office. In both the NBS and pediatrician's office scenarios, more than 60% of participants were either definitely or somewhat interested in having a potential future newborn's whole genome sequenced. These data suggest that the venues in which parents may be offered WGS may not strongly impact their interest in having screening done. However, it is important to note that as public health institutions or clinical providers make decisions on how best to implement WGS into practice, there may be issues regarding sample collection, data management, or disclosure of results that may inevitably influence parental attitudes regarding preferred testing venues. Nevertheless, these data also suggest that parents may not have significant reservations about a state-run public health program offering WGS for newborns as part of a larger goal of detecting early disease in newborns.
storage and use of genomic data
Although interest in WGS offered as an option through a state's NBS program was high, there was a drop in interest when parents were presented with the possibility that deidentified data generated from sequencing might be stored and used in future research. These data raise significant questions for states regarding the long-term management of the vast amounts of genetic data generated through NBS programs and who might have access to these data. These concerns are in part already being played out in recent debates over the research use of residual blood spots stored by programs after screening takes place. 19 Currently, a number of states are involved in debates over the storage and use of their leftover NBS blood spots, and lawsuits have been recently filed in Minnesota and Texas over the storage and use of these samples. 20, 21 These debates have centered on long-standing discussions about the balance between the use of public health data for research and the rights of citizens from whom the data have been collected. 22 Our findings suggest that parents' level of comfort with the use of stored genomic information for research may impact their interest in utilizing WGS. Additional research is necessary to further explore the implications of storage and use of genomic data on parental attitudes toward WGS.
Factors impacting interest in WGs
In addition to assessing interest level among parents, our data also identify a number of expectations parents may have regarding the utility of newborn WGS as well as concerns about the management and protection of the data generated through sequencing. Overall, parents identified issues associated with the accuracy of the tests and the potential usefulness of the genomic risk data to help prevent disease as important factors that may influence their interest in WGS for their newborns. Alternatively, parental worries that the test may reveal that their child has a "higher risk of developing certain diseases than other people" was less frequently chosen as an influential factor when trying to decide whether or not to have a newborn's genome sequenced. This may indicate that parents may be more likely to value the precision of the testing platforms and the clinical utility of the information more than concerns regarding disclosure of disease risk when making decisions about screening.
Although not statistically significant due to the small number of parents who indicated no interest in WGS, these data also raise questions about differences in what kinds of factors might influence parents who favor WGS as opposed to those who do not. The data presented here show some evidence that parents who have a high interest in WGS are concerned with factors associated with the quality and usefulness of the test, whereas parents who have no interest may be influenced by questions related more to the security and potential uses of genomic data. More research on these kinds of concerns is needed using a larger sample. These kinds of data could be useful in the development of educational materials and consent processes about WGS to better address differing parental expectations and concerns.
Limitations
This study has limitations that merit discussion. First, participants were asked to report their interest in WGS for a hypothetical future newborn. Therefore, these data may not reflect the decisions of a parents actually confronted with making a decision about WGS for their own new baby. However, given that WGS in newborns Original research article is currently rare, we believe that the use of a hypothetical scenario provides an important mechanism to assess parental attitudes before this technology becomes more common in clinical settings. In addition, we did see some differences between the attitudes of parents who intend to have a child in the next 5 years and those who do not. These differences may indicate that the use of a hypothetical scenario may help us to understand how parents who may be faced with making decisions about WGS or other types of genomic testing feel about these technologies. Second, we acknowledge that the limited introduction of WGS given to parents in this study may not provide them with the most robust information about the potential uses and limitations of this technology. However, we intended for this survey to provide a baseline for exploring parental attitudes about WGS in the newborn period within the context of what parents may currently know about genomic testing. It is meant to represent parental interest based on the kind of information that most parents may have before going through a more extensive educational discussion about the uses of this technology. Finally, our study design did not explore the motivations behind respondents' interest levels or why certain respondent characteristics are associated with higher levels of interest in WGS. Further research is necessary to better explore these issues with parents.
Conclusion
Overall interest in having one's future newborn's genome sequenced was generally high for participants presented with either WGS scenario. This finding suggests that the potential distinction between offering WGS in the NBS setting or through other clinical venues may not be meaningful to parents. Nevertheless, programmatic choices within state health departments may impact parental attitudes, given that parents in our survey did have significantly lowered interest in WGS if the state had plans to keep sequencing data for future research. In addition to personal relevance, these data may also suggest a generally high level of public acceptability for the utilization of these technologies in NBS and other clinical settings. However, we do not believe that these data support the promotion of the widespread offering of newborn WGS in either NBS or clinical practice. Rather, our findings may help providers and health departments better anticipate parents' interest in these technologies as they become more available in clinical settings. Such data will also be crucial for health departments and other health-care providers to better understand which factors are important to parents in making a decision about whether or not to pursue WGS. This information will be helpful for developing programs to better educate families while also ensuring that parents have access to clinical resources for adequate pretest and posttest counseling about genetic test results.
Ultimately, parental interest must be contextualized within the larger set of ethical and programmatic concerns related to WGS in newborns. The initial set of data regarding parental interest presented here creates a starting place for further empirical inquiry into the potential social and ethical implications of integrating genomic sequencing into NBS programs. Addressing these issues requires thoughtful consideration of the values and perceptions of multiple stakeholders, including parents, providers, NBS program officials, genome scientists, and other stakeholders. Such assessment will help health departments and other health-care providers make more informed choices about when and how to utilize these technologies in the newborn period.
